(C3

Bis(η 5 -cyclopentadienyl)-1-bis(pentafluorophenyl)boryl-2,4-bis(1,1-dimethylethyl)-hafnacyclopenta-2,3-diene (5b).
Bis(η 5 -cyclopentadienyl)bis(3,3-dimethyl-1-butynyl)-hafnium (200 mg, 0.423 mmol), and bis(pentafluorophenyl)borane (146.5 mg, 0.423 mmol), prepared following established procedures, were weighed in an argon-filled glove-box and put into a Schlenk flask. Toluene (50 mL) was added to the flask by cannula and the resulting red solution was stirred at 60ºC for 2 hours. After heating, the volatiles were removed under high vacuum. The obtained residue was washed with pentane (2 × 20mL) and dried in vacuo to get a red powder (314 mg, 91% Crystals suitable for single-crystal X-ray diffraction were obtained at room temperature from addition of pentane to a concentrated toluene solution of the compound.
X-ray crystal structure analysis for 5a: formula C (20 mg, 0.040 mmol), and bis(pentafluorophenyl)borane [2] (13.7 mg, 0.040 mmol), both prepared following established procedures, were weighed in an argon-filled glove-box and put into a NMR tube. They were dissolved by toluene-d 8 F, m-F).
Kinetic Study by NMR (600 MHz Varian UnityPlus spectrometer)
Basic equations: 
Kinetic experiments:
9a was generated in situ by mixing 6a and HB(C 6 F 5 ) 2 . The reaction mixture was dissolved in toluened 8 [with a defined amount of ferrocene (as an inert, internal standard)] at room temperature. Directly, after careful mixing of the solution, the NMR tube was injected into the spectrometer which was heated to 40°C. The rearrangement of 9a to 5a was monitored by 1 H NMR. Achsenabschnitt 23, 76
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DFT Calculations
The computed structure is in excellent agreement with that from the X-ray analysis. The largest deviation is 2 pm for the C1-C2 distance while most other bond lengths agree to within 1 pm. Also the bending angle C2-C3-C4 of the 'allene' unit and the dihedral angle C1-C2-C4-Hf agree surprisingly well. The only notable difference is the relative orientation of the Cp rings which is staggered in the computation while found to be eclipsed experimentally.
Population analysis of the wavefunction reveals an interesting electronic structure of the complex that can be regarded as a mixture of a coordinated (distorted) allene and a butenyne but also features interactions that seem to be unique for this structure. For comparison we also discuss corresponding data for the model compound 1,3-dimethyl-1,2-hexadiene ('6-ring allene') and butenyne as the other extreme. These values and the small interaction for the Hf and C2 atoms point to an interpretation in terms of a cyclic metalla-allene-type structure. The bending angle C2-C3-C4 deviates much less from linearity (about 25 degree) than for our model allene. The allene-type torsion angle (C1-C2-C4-Hf) is about 39 degree, which is almost in between the values of 90 degree for an un-distorted allene and zero degree which can be expected for a butenyne unit. A further intriguing aspect is the relatively large BO of 0.13 between the boron and Hf atoms despite their large spatial distance of 327 pm. This is a result of a 2e-3c-bonding contribution B-C1-Hf which is obvious from an average spread-out value over atomic centers of 2.51 as obtained when the canonical molecular orbitals are localized.
This view of the electronic structure as a metalla-cyclo-allene is clearly supported by the results of a natural bond orbital (NBO) population analysis (see Table 2 ). Strongly occupied localized 2c-2e NBO of sigma and π type are found between C2-C3 and C3-C4 as expected for an allene substructure. No third NBO between C3-C4 as required for a triply bonded structure is observed. The distortion and special bonding situation of the allene moiety is indicated by the relatively large population of the C2-C3 π* NBO and a localized π NBO at the boron center. Furthermore, the C1-C2 and B-C1 interactions are well characterized as single bonds. Covalent interactions in a Lewis sense between the Hf and carbon atoms are only found for C1 and C4 as required for a ring structure although it is noted, that these bonds a rather polar with about 80 % population at the carbon atoms. [a]: PBE-D/TZVPP'
Theoretical Methods and Technical Details of the Computations
The quantum chemical DFT calculations have been performed with slightly modified versions of the TURBOMOLE suite of programs. [1] As Gaussian AO basis, large triple-zeta (denoted as TZVPP') sets of Ahlrichs et al. [2] have been employed. In standard notation these are [5s3p1d] for B, C and F and [3s1p] for H. The four atoms that belong to the allene unit are described by a larger [5s3p2p1f] (TZVPP) AO basis to improve the quality in the most important part of the molecule. For the hafnium atom, the basis set is of comparable quality (i.e., [6s3p3d1f]) and we employ a scalar relativistic pseudo-potentials [3] for the 60 core electrons. All geometries have been fully optimized at the DFT level using the PBE density functional [4] that also includes an empirical correction for intra-molecular dispersion (also called van der Waals) interactions [5] (dubbed PBE-D in the following). For a detailed description of this dispersion correction, that is of great importance in studies of large molecules, including many illustrative examples see Ref. [6] , for the most recent chemical applications of this method see Ref [7] . In all DFT treatments, the RI-approximation has been used [8] for the Coulomb integrals which speeds the computations up significantly without any significant loss of accuracy. For the population analysis we use the NBO 4.0 program of Weinhold et al. [9] 
